INTRODUCTION {#sec1-1}
============

It has been reported that 21% of the people in the US and 28% of the adults in the UK are dissatisfied with their current tooth color.\[[@ref1]\] Demands for an improved tooth appearance and color have made the tooth bleaching technique a popular dental procedure in the last few decades.\[[@ref1]\]

Bleaching techniques are mostly classified by whether they involve vital or nonvital teeth or by whether the procedure is performed by using in-office or at-home components.\[[@ref2]\] All tooth bleaching procedures use either hydrogen peroxide or carbamide peroxide as whitening agent.\[[@ref3]\] The vital tooth bleaching technique seems to make surface alteration in dental substrate and composite restorative materials.\[[@ref4][@ref5]\] The surface alteration of composite resin might be associated with physical properties of the material.\[[@ref6]\] The bleaching agents may alter the organic or inorganic structure of composite resins. It is speculated that the high oxidative capacity of the bleaching agents would be able to damage the organic molecules of polymeric chain, so the consequence would be degradation of composite resin.\[[@ref7][@ref8]\]

Flexural strength (FS), defined as the failure stress of a material as measured in bending, is generally considered a meaningful mechanical property for brittle materials that are much weaker in tension than in compression.\[[@ref9]\]

Clinically composite restorations can be subjected to considerable flexural stresses. Therefore, in class I, II, III, and IV restorations, where the stresses are significant, high FS would be desirable.\[[@ref10]\] Materials with low FS or stiffness would deform more under masticatory stresses, resulting in catastrophic destruction of the marginal seal in composite--dental tissue interfaces.\[[@ref10]\]

Although bleaching is a safe procedure, it may endanger dental materials with more degradation characteristics.\[[@ref10]\] Changes in the chemical and morphological structure of restorative materials should be considered when bleaching is administered as a whitening procedure.\[[@ref11]\]

Previous literature mostly focused on the surface hardness of composite resin after bleaching procedure.\[[@ref12][@ref13][@ref14]\] So, the aim of this study was to evaluate the effect of different bleaching regimens on FS of hybrid composite resin.

MATERIALS AND METHODS {#sec1-2}
=====================

Sample preparation {#sec2-1}
------------------

In this analytical--observational *in vitro* study, a silicon mold with 2 × 2 × 10 mm^3^ dimensions were used to prepare bar-shaped specimens. Then, 80 bar-shaped specimens were fabricated from a hybrid composite resin \[[Table 1](#T1){ref-type="table"}\] based on the manufacturer\'s instructions and ISO 4049 specifications.\[[@ref15]\] The specimens were stored in deionized water at 37°C for 24 h. Afterwards, the specimens were polished on the four longest surfaces by using abrasive disks (Sof-Lex, 3M ESPE, St Paul, MN, USA) with medium, fine, and superfine roughness while rotating in one direction. The heights and widths of each polished specimens were measured by a digital micrometer (Mitutoyo Co., Tokyo, Japan) for three times. The specimens were again stored in deionized water at 37°C for 1 week.

###### 

The tested materials and exclusive information on them
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Bleaching procedure {#sec2-2}
-------------------

All surfaces of the specimens, expect one long surface, were covered with nail varnish. All the specimens were divided into four groups (*N* = 20) as follows:

C: Immersed only in distilled water (37°C) as the control group

Home bleaching (HB): Bleached by DayWhite ACP (Discus dental, Stamford, CT, USA) \[[Table 1](#T1){ref-type="table"}\], as home-bleaching agent, which was applied on the surfaces for 30 min per day.

In-office bleaching (IB): Bleached by Opalescence Boost (Ultradent, South Jordan, UT, USA) \[[Table 1](#T1){ref-type="table"}\], as IB agent, for 20 min each 4 days.

HIB: Bleached by a combination of previous agents by means of 30 min per day for the HB agent and 20 min each 4 days for the IB agent.

The bleaching procedure was accomplished in 14 consecutive days. After each bleaching interval, the specimens were rinsed by distilled water (37°C) to wash away any bleaching agent remnants in 1 min, and immersed in distilled water (37°C) which was renewed daily.

FS evaluation {#sec2-3}
-------------

The three-point bending test was administered by using a Universal Testing Machine (21046, Walter + bai, Switzerland) with crosshead speed of 0.5 mm/min. The force was applied until observing the fracture. The FS (σ) values (MPa) were calculated based on the following equation:\[[@ref16]\]
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where *F* is the failure load (N), *L* is the distance between the jig supports (mm, 10 mm in this study), *B* and *H* are the width and height of the specimen, respectively (all in mm).

Statistical analysis {#sec2-4}
--------------------

The recorded values were statistically analyzed by using one-way analysis of variance (ANOVA) and Tukey\'s *post hoc* tests and using Statistical Package for the Social Sciences (SPSS) software (version 18) (SPSS-Inc., Chicago, IL) at a significance level of 0.05.

RESULTS {#sec1-3}
=======

[Table 2](#T2){ref-type="table"} represents the mean FS values of different groups. The mean FS values were the highest in HB group (177.09 ± 31.72 MPa), and were the lowest in IB group (102.37 ± 35.74 MPa). The lowest and highest FS values were observed in groups C (54.00 MPa) and IB (234.37 MPa), respectively. The one-way ANOVA test revealed significant differences among all study groups (*P* values \<0.001). The Tukey\'s *post hoc* test revealed only significant difference of group HB with all other groups (all *P* values = 0.001).
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DISCUSSION {#sec1-4}
==========

The demand for "white teeth" has been growing recently and tooth bleaching has been introduced as a noninvasive aesthetic approach among patients and clinicians.\[[@ref17]\] The contemporary tooth bleaching mostly relies on the oxidation activation of hydrogen peroxide (or one of its precursors) through activation agents such as light or heat.\[[@ref18]\]

The three-point bending test is still an appropriate choice for measuring composite\'s FS due to the lower standard deviation, coefficient of variation, and the less complex crack distribution.\[[@ref19]\]

Present results reflected that there was no significant reduction in FS values of hybrid composite resin when IB regimes were used. Similar result was reported by Varanda *et al*. who evaluated the effect of using 20% and 35% hydrogen peroxide on the morphology of a microhybrid composite resin.\[[@ref20]\] They observed no significant morphological changes after utilizing the bleaching agent. Nevertheless, different type and brands of composite resins, and using different test for evaluating physical properties might limit the true comparison of the two studies. These results might support the hypothesis that the filler volume seems to have less correlation with fracture as the crack propagation in the specimen is intergranular.\[[@ref21]\] Also, the chemical bonds, promoted by silane coupling agent at resin--filler interface, might have an impact on the mechanical properties.\[[@ref22]\] In present study, the dimensions of specimens (2 × 2 × 10 mm^3^) were in accordance with the ISO 4049 specification that aimed to provide the optimum rate of polymerization. However, the samples were prepared in 1 × 1 × 10 mm^3^ in that study.\[[@ref20]\] Also, a hybrid composite resin was used in the current study versus to the microhybrid composite resin in that study. Bleaching agents seem to cause softening and reduction of the microhardness. Resin--filler interface might be debonded by the free radicals that were induced by peroxides. As a result, microscopic cracks would be observed beside probable increase of surface roughness.\[[@ref23]\]

It was observed that urethane dimethacrylate (UDMA) resin monomers is less degraded compared to the bisphenol A-glycidyl methacrylate (Bis-GMA) resin monomers.\[[@ref24]\] Moreover, the glass particles containing quartz or silica (like what was used in the present study) are less susceptible to hydrolytic attack than barium particles. So, the inorganic particles on the surface, especially in microhybrid composite resins, would be dissolved by the hydrogen peroxide significantly.

In the home bleached (HB) group, the FS of the hybrid composite resin was increased significantly, which coincide with the results of Firoozmand *et al*.\[[@ref25]\] The conclusion of that study reflected that carbamide peroxide gel 35% had a positive effect on the FS of the microhybrid composite resin.\[[@ref25]\] The result of utilizing carbamide peroxide on composite resins manifested remarkable increase in microhardness.\[[@ref13][@ref14]\]

CONCLUSION {#sec1-5}
==========

Within the limitation of *in vitro* studies, it can be concluded that using tested HB agent (containing carbamide peroxide) might influence the FS of hybrid composite resin. However, tested in-office bleaching agents (containing hydrogen peroxide) would have not have a remarkable effect, neither to increase nor to decrease, on the FS of tested composite resin.
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